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Abstract 
Stalk rots of sorghum are diseases of great destructive potential Rots caused by the fungi Macro-
phomina phaseolina and Fusarium moniliforme appear to be widely distributed stalk diseases 
of sorghum. Recently a vascular pathogen, Acremonium strictum that causes leaf and stalk 
death, has become important on sorghum. 
Improved high-yielding varieties tend to be highly susceptible to these diseases. Losses vary 
from season to season and region to region. Grain losses exceeding 15% are not uncommon; as 
much as 60% can occur. Several fungi and bacteria are often associated in diseased roots and stalks, 
suggesting that stalk rot diseases are of complex etiology. Etiology and host resistance to charcoal 
rot, fusarium root and stalk rot, and acremonium wilt are discussed. 
Introduction 
Stalk rots are universally important and among 
the most destructive diseases of sorghum 
throughout the world. Development of stalk rots 
is favored by early grain-filling and a late-season 
stress. Postflowering stresses include various 
leaf diseases, excessive cloudiness, high plant 
densities, drought, hail damage, low K coupled 
wi th high N, root rots, and injury by root and 
stalk boring insects. Almost any factor that re-
duces photosynthate production by the sor-
ghum plant favors stalk rot. 
In most cases stalk rots follow root rots, and 
are caused by several fungi and bacteria that at-
tack plants approaching maturity. A number of 
organisms often can be isolated from diseased 
roots and stalks; the well known causal agents are 
the fungi Macrophomina phaseolina (charcoal rot), 
Fusarium moniliforme (fusarium root and stalk rot 
complex), Periconia circinata (milo disease), Py-
thium spp (root and seedling rots), and Col-
letotrichum graminicola (anthracnose stalk rot). 
M. phaseolina and F. moniliforme appear to be 
widely distributed in sorghum-growing areas. 
P. circinata, once thought to be restricted to USA, 
has been reported from Australia (Mayers 1976). 
Recently Acremonium strictum, a vascular 
pathogen causing leaf and stalk death, has been 
recognized as an important disease in the 
Americas. 
Root and stalk diseases reported by Tarr 
(1962) include pink root rot (Pyrenochaeta terres-
tris), southern sclerotial rot (Sclerotium rolfsii), 
and rhizoctonia stalk rot (R. solani). Bacteria, 
particularly Erwinia spp, have also been impl i -
cated as sporadically important causal agents of 
stalk rots in the Philippines (Karganilla and Ex-
conde 1972), in India (Anahosur 1979), Nigeria 
(King 1973), and USA (Zummo 1969). Little is 
known about the etiology of these diseases and 
the topic is an obvious area that demands 
research. 
Root and stalk rots are reported to cause crop 
losses, but data from experiments are l imited. 
Losses vary from season to season and from re-
gion to region worldwide. Yield losses from 15 
to 60% may occur on susceptible cultivars. 
Losses may be direct (due to poor grain filling) 
or indirect (due to stalk breakage or lodging). 
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Eighteen papers in the proceedings (Mugho-
gho 1984) of the 1983 Consultative Group Dis-
cussion on Research Needs and Strategies for 
Control of Sorghum Root and Stalk Rot Dis-
eases, Bellagio, Italy discussed in detail the 
physiological and environmental factors that in-
fluence these diseases and their control by fun-
gicides, cultural practices, and host resistance. 
This review attempts to summarize the present 
state of knowledge and progress on basic as-
pects of charcoal rot and fusarium root and stalk 
rot, the two major root and stalk rot diseases of 
complex etiology. 
Acremonium wi l t has become an important 
disease of sorghum. Anthracnose stalk rot, an-
other damaging disease of sorghum particularly 
in warm humid sorghum-growing areas, was re-
viewed by A l i (this publication). He discussed 
two other phases of the disease: foliar anthrac-
nose and panicle and grain anthracnose phase. 
Charcoal Rot 
Charcoal stalk rot of sorghum [Sorghum bicolor 
(L.) Moench] caused by the fungus Macro-
phamina phaseolina (Tassi Goid.), is a disease of 
great destructive potential when vigorously 
growing sorghums fill grain under drought 
stress (Edmunds 1964; Odvody and Dunkle 
1979). Charcoal rot has been reported from all 
the ecologically diverse areas of sorghum cul-
ture in the tropics, subtropics, and temperate re-
gions (Tarr 1962; ICRISAT 1980). In general, the 
worldwide distribution of the disease indicates 
its occurrence on many different soil types. 
In diseased roots and stalks, M. phaseolina is 
often associated wi th other fungi, suggesting 
that the disease is of complex etiology (Mugho-
gho and Pande 1984). 
Economic importance 
The literature contains several reports on the de-
struction of sorghum crops by charcoal root and 
stalk rot, but sound and reliable quantitative 
data on yield losses are not available. Reports by 
Uppal et al. (1936) from Maharashtra state, In-
dia, and Harris (1962) from Kano, Nigeria, stated 
that charcoal rot caused "sufficient to consider-
able loss in yield.'' S. B. King and D. Barry (Ma-
jor cereals in African Project, Samaru, Nigeria, 
1970; unpublished report of a tr ip to Cameroon 
and Chad) saw severe symptoms of charcoal rot 
and estimated yield losses up to 50%. Similarly 
"serious losses" in several states in USA were 
reported but quantitative data were not given 
(Leukel et al.1951). 
In spite of the lack of such data, the destruc-
tive potential of charcoal rot in susceptible culti-
vars may be recognized in four ways: (1) loss in 
grain yield and quality due to plants smaller 
than normal and premature ripening; (2) poor 
crop stand due to seedling blight; (3) complete 
loss of yield of lodged plants where mechanical 
harvesting is practiced; destruction of lodged 
plants by termites or other animal pests before 
the grain or fodder is manually collected; and (4) 
loss in quality and quantity of fodder due to 
infection and destruction of the stalk. 
Mughogho and Pande (1984) estimated 
grain yield losses of 23-64% in research sow-
ings of the CSH 6 hybrid. Similarly Anahosur 
and Patil (1983) noted 15-55% loss in grain 
mass in their experiments at Dharwad, India. 
In these experiments, grain yield from plots 
subjected to drought was measured. Although 
drought alone must have contributed to some 
of the yield reduction, the combined effects of 
drought and charcoal rot that caused plants to 
lodge must have greatly increased the level of 
yield loss. 
To separate the effect of drought from the 
combined effect of drought and charcoal rot on 
sorghum yield, we conducted an experiment 
during 1985 postrainy season at ICRISAT Center 
and at Dharwad. In this experiment the soil 
fungus flora was eliminated by methyl bromide 
gas fumigation of the test plots (500 g a.i. 
m
-2
) before sowing. Control plots were not fumi-
gated. 
Natural charcoal rot infection was induced 
by continuously reducing soil moisture from 
postflowering to grain maturity (Mughogho and 
Pande 1984). We obtained 95-100% lodging and 
grain yield losses of 20% in nonfumigated plots 
of CSH 6 hybrid (Table 1). These data on grain 
yield losses clearly show the potential economic 
importance of the disease. There is still need for 
data, particularly from surveys in farmers' 
fields, on the various types of losses. 
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Table 1. Lodging and yield of root and stalk rot-infected CSH 6 sorghum under continuously 
receding soil moisture and fumigated treatments at ICRISAT Center and at Dharwad, India, 
postrainy season 1985/86. 
ICRISAT Center Dharwad 
Treatment 
Lodging 
(%) 
; Yield 
[kg (9m
2
)
-1
] 
1000-grain 
mass (g) 
Lodging 
(%) 
Yield 
[kg(9m
2
)
-1
] 
1000-grain 
mass(g) 
Fumigation
1 
No fumigation 
SE 
Yield loss (%)
2 
6.5 
99.7 
±2.1 
2.0 
1.6 
±0.1 
20 
14.1 
12.5 
±1.0 
11.34 
23.3 
95.2 
±6.8 
3.6 
2.9 
±0.1 
19.44 
18.5 
15.2 
±0.7 
17.83 
1. Plots were fumigated w i t h methy l b romide @ 500 g a.i. (5 m
2
)
- 1 
2. [(Fumigated - Non fumiga ted) / fumiga ted ] x 100. 
Symptoms 
Symptoms of the disease include root discolora-
tion, root rots, soft stalks and lodging of plants, 
premature drying of stalks, and poorly devel-
oped panicles wi th small, inferior-quality grains. 
Vascular bundles of infected roots and stalks are 
profusely covered wi th tiny charcoal-colored 
sclerotia (Uppal et al. 1936; Tarr 1962). 
The most striking and usually the first indica-
tion of the disease is lodging of plants approach-
ing maturity. 
Causal organism 
The causal organism of charcoal rot is a common 
soilborne fungus known in its imperfect state as 
Macrophomina phaseolina (Tassi) Goid. (Domsch et 
al. 1980). In its perfect state it is called Sclerotium 
bataticola Taub. Eight synonyms that may be en-
countered in the literature are: Macrophomina 
phaseoli (Maubi.) Ashby, Macrophomina Philippines 
Petr., Macrophomina crochori Sawada, Macro-
phomina cajani syd. & Butl., Macrophomina sesami 
Sawada, Rhizoctonia bataticola (Raub.) Butl., Rhizo-
ctonia lamellifera Small, and Dothiorella cajani syd. 
& Butl. (Holliday and Punithalingam 1970). 
Fungal colonization 
Sorghum roots may be infected by various fungi 
from the seedling stage unt i l maturity. In dis-
eased roots and stalks wi th conspicuous signs of 
charcoal rot, fungal isolations usually reveal the 
association of M. phaseolina wi th other fungi. In 
Argentina, where F. moniliforme was the pre-
dominant fungus isolated from diseased plants, 
40% of the isolations were M. phaseolina. Others 
isolated included unidentified Fusarium spp, 
Rhizoctonia solani, Helminthosporium sativum, 
and Nigrospora Sphaerica (Frezzi and Teyssandier 
1980). Similarly, in New South Wales, Australia, 
systematic surveys to assess the relative impor-
tance of fungi associated wi th root and stalk rots 
revealed that, although F. moniliforme was pre-
dominate, M. phaseolina and N. sphaerica were 
also regularly isolated from these diseased roots 
and stalks (Trimboli and Bulges 1983). 
Patridge et al. (1984) reported early coloniza-
tion of sorghum roots by species of Fusarium, 
Alternaria, and Epicoccum, all common root in-
habitants. Under certain external stress situa-
tions, the plant becomes quasidefenseless, and 
some of these fungi become pathogenic, causing 
stalk rot. 
Recently we monitored fungal colonization 
of roots and stalks of susceptible hybrid CSH 6 
at seven growth stages, from seedling to grain 
maturity (black-layer formation), in non-
drought-stressed plots and in drought-stressed 
plots from onset of flowering to grain maturity. 
This was done by planting surface-sterilized 
pieces of roots, crown, and first internode on 
potato dextrose agar, Czapeck dox agar, and 
Meyer's medium. Six Fusarium species (F. mon-
iliforme, F. moniliforme var subglutinans, F. mon-
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iliforme var intermedium, E solani, F. semitectum, 
and F. chlamydosporum), Macrophomina phaseolina, 
Rhizoctonia solani, Phoma sorghina, Exserohilum 
rostratum, and Trichoderma harzianum were found 
to colonize sorghum toots and stems. Among 
these fungi we found F. moniliforme van sub-
glutinans and E oxysporum to be early colonizers, 
increasing in abundance after the induction of 
drought stress from onset of flowering to matu-
rity. M. phaseolina was not isolated unti l after the 
hard-dough growth stage and then only from 
drought-stressed plants (Fig. 1). 
Data cited above show that in most cases of 
charcoal rot, M. phaseolina is not the sole cause of 
the disease under natural field conditions, but 
acts in combination wi th other pathogens to pro-
duce it. In other words, what is visually identi-
fied as charcoal rot is a sign of one fungus 
Figure 1. Fungal incidence (%) at different growth stages of CSH 6 under fumigated and non-
fumigated conditions. 
FMS = Fusarium moniliforme var. subglutinans, FO = Fusarium oxysporum, MP = Macrophomina phaseolina 
1 = 5-6 leaf stage, 2 = Boot, 3 = Anthesis, 4 = Mi lk , 5 = Soft dough, 6 = Hard dough, 7 = Physiological maturity. 
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among several in a disease of complex etiology 
Wadsworth and Sieglinger (1950) suggested 
that the several fungi associated wi th stalk 
rots attack in some orderly sequence, wi th 
M. phaseolina being the last and most conspic-
uous. The pathological significance of this in-
volvement of several fungi in root and stalk 
rot infection remains unknown, and calls for 
prompt detailed investigation. 
Variability and host range 
M. phaseolina is highly variable in pathogenicity 
and mycological characteristics. Some isolates of 
the fungus are host specific (Hildebrand et al. 
1945); others can attack a wide range of hosts 
(Holliday and Punithalingam 1970). Physiologi-
cal races have been reported for isolates of some 
crops, such as jute (Ahmed and Ahmed 1969). 
Variability in cultural characteristics and patho-
genicity of isolates from different parts of the 
same plant have been reported in soybean 
(Dhingra and Sinclair 1973). The fungus, a plu-
rivorous pathogen, can affect 75 different plant 
families and about 400 plant species (Dhingra 
and Sinclair 1977). 
Pathogen variation and physiological special-
ization of M. phaseolina are not known in char-
coal rot of sorghum. It would be useful to know 
if sorghum is susceptible to isolates of the patho-
gen from other plant species and if physiological 
races exist among sorghum isolates of the 
pathogen. 
Biology and epidemiology 
Most of our knowledge of the biology of 
M. phaseolina is derived from the results of re-
search wi th isolates from crops other than sor-
ghum. It is assumed that the general biology of 
sorghum isolates is similar to that of isolates 
from other crops, although the pathosystem may 
be different. In this review only those aspects of 
the biology that influence the pathosystem wi l l 
be discussed. 
Inoculum source and survival 
At. phaseolina is a root-inhibiting fungus wi th lit-
tle or no saprophytic growth in soil or in dead 
host cells of infected plants (Norton 1953; Ed-
munds 1964). It survives over seasons predomi-
nantly as small black sclerotia in diseased root 
and stem debris or, upon decay of the plant ma-
terial in which they were formed, in soil. Inoc-
ulum density has a direct implication in disease 
management strategies. 
Drought stress and host colonization 
Drought causes harmful physiological or meta-
bolic changes in the plant. It reduces plant vigor; 
affected plants are predisposed to attack by non-
aggressive pathogens such as M. phaseolina 
(Schoeneweiss 1978). From a review of stalk rot 
problems in maize and sorghum and the associ-
ated environmental factors, Dodd (1977, 1980) 
developed a photosynthetic stress-translocation 
balance concept to explain the predisposition of 
sorghum to charcoal rot. His hypothesis implies 
that the interaction of drought stress and patho-
gens causes stalk rots and lodging. Direct evi-
dence of this has been provided by Henzell et al. 
(1984). 
Recent research (1984-86) in sorghum pathol-
ogy at ICRISAT Center has further clarified the 
role of soilbome fungi in root and stalk rot dis-
ease. The role of pathogens was examined in 
nontreated plots and plots fumigated wi th either 
granular fumigant tetrahydro-3, 5-dimethyl-
2H-1,3, 5-thiadiazine-2-thione or wi th methyl 
bromide gas. The importance of soil moisture 
was studied in plots receiving adequate irriga-
tion up to physiological maturity and in plots 
where drought stress was created by withdraw-
ing irrigation at the boot-leaf stage. Plant lodg-
ing in the plots irrigated unt i l plants matured 
was low (3-18%), as compared to the drought-
stressed treatments (27-100%). However, in the 
drought-stressed treatments, lodging (100%) 
was significantly higher in the nonfumigated 
than in the fumigated plots (Table 2). 
Results of plant senescence and visible stem 
infection by M. phaseolina and Fusarium spp (es-
pecially F. moniliforme var subglutinans) followed 
the same pattern as that of plant lodging and 
soft stalks. Our results show that soil fumigation 
significantly reduced plant senescence and lodg-
ing in the drought-stressed plots, supporting the 
findings of Henzell et al. (1984) that soilbome 
root-infecting fungi (especially F. moniliforme), 
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Table 2. Lodging, soft stalk, and yield of sorghum hybrid CSH 6 and sorghum variety E 36-1 under 
different treatment combinations of fumigation and drought stress at ICRISAT Center, India, 
postrainy season 1986/87. 
CSH 6 
Drought 
stress Fumigation
2 
Lodging 
(%) 
Soft stalk 
(%) 
Plot yield 
[(kg(27m
2
)
-1
] 
Grain mass 
(g> 
Stress
1 
MB 27.4 11.3 11.6 19.1 
BAS 50.1 19.1 13.1 21.0 
NFC 99.5 96.6 8.8 17.0 
NF 100.0 99.6 9.8 17.0 
Yield loss (%)
3 20.0 15.0 
No stress
4 
MB 2.9 0.8 14.2 23.0 
BAS 12.2 3.8 15.6 33.0 
NFC 16.4 9.3 3.7 24.0 
NF 17.6 3.7 14.1 22.0 
SE Fum x stress x cv ±1.79 ±1.97 ±0.86 ±0.14 
E36-1 
Drought 
stress Fumigation 
Lodging 
(%) 
Soft stalk 
(%) 
Plot yield 
[(kg(27m
2
)
-1
] 
Grain mass 
(g) 
Stress MB 0 0 12.9 27.0 
BAS 9.6 3.4 15.6 28.0 
NFC 8.9 6.5 13.2 26.0 
NF 10.4 5.2 12.9 26.0 
No stress MB 0 0 15.7 32.0 
BAS 0 0 17.0 32.0 
NFC 0 0 15.4 31.0 
NF 0 0 15.2 30.0 
SE Fum x stress x cv ± 1.7 ±2.0 ±0.86 ±0.14 
1. Stress = I r r iga t ion stopped at f ina l leaf s tage 
2. MB = me thy l b romide , BAS = basamid granules, N F C = no fumigat ion , bu t covered, NF = no fumiga t ion 
(control). 
3. [(Average y ie ld , fumigated plots - y ie ld , nonfumigated plots) /average y ie ld , fumigated plots] x 100. 
4. No stress « i r r iga t ion cont inued u n t i l physio logical matur i ty . 
along wi th drought stress, play an important 
role in the root and stalk rot complex. 
Henzell and Gullieron (1973) and Chamberlin 
(1978), on the other hand, hold the view that plant 
lodging under drought stress is purely physi-
ological. Drought stress reduced assimilate sup-
ply to the lower part of the stalk for maintenance 
respiration. This results in senescence and disin-
tegration of pith cells, and hence lodging. 
Drought stress alone can cause lodging without 
assistance from pathogens where inoculum is ab-
sent (Henzell et al. 1984). However, where patho-
gens are present, drought-stressed plants are 
invariably invaded by them, and this leads to in-
creased damage of plants. It is possible that low 
or intermediate levels of drought stress, in the 
absence of the pathogen, may be tolerated by the 
plant. 
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Crop management 
Crop management can influence soil moisture 
and in turn incidence and severity of root and 
stalk rots. Sorghums grown in close spacings 
show more charcoal rot than those in wider 
spacings. Differences were reported in the effect 
of plant densities on charcoal rot incidence, at-
tributing increased disease incidence in higher 
plant populations to increased drought stress. In 
India, nitrogen fertilization adequate to maxi-
mize the yield potential of improved cultivars 
increased the severity of charcoal rot (Avadhani 
et al. 1979; Mote and Ramshe 1980). 
A factorial experiment using line-source irr i -
gation provided highly significant positive 
correlations between drought stress and plant 
density, but not N fertilization (Fig. 2). The effect 
of nitrogen in increasing charcoal rot may be due 
to its effect on shoot growth. Nitrogen promotes 
shoot growth, and partially restricts root devel-
opment. A restricted root system reduces the 
ability of a plant to obtain moisture. At the same 
time its water needs increase, because of the in-
creased foliage growth (Ayers 1978). 
Practices that reduce pathogen inoculum and 
conserve soil water decrease the incidence of 
charcoal rot. Sorghum grown under wheat-sor-
ghum-fallow rotation had 11% stalk rots, com-
pared to 39% in conventional tillage (Doupnik 
and Boosalis 1975). 
Sorghum growing in a mixed-cropping situa-
tion has been reported to suffer less charcoal rot 
damage than when growing as a sole crop 
(Khune et al. 1980). 
Control 
Incidence of charcoal rot of sorghum can be min-
imized by maintaining soil moisture during the 
postflowering stage. This can be done by conser-
vation tillage, seeding lower plant populations, 
selecting resistant sorghums, assuring good 
plant nutrit ion, and using fungicides and plant-
growth regulators (such as antitranspirants). 
Host resistance is the most practical long-term 
solution for the control of charcoal rot. 
Host resistance 
Four essential requirements for the identifica-
tion and utilization of host resistance to charcoal 
rot have been discussed by Mughogho (1982). 
My objective is to review briefly techniques 
used to identify resistance, resistance sources, 
and factors associated wi th resistance. Rosenow 
(1980,1984), Maunder (1984), and Henzell et al. 
(1984) have comprehensively reviewed the 
breeding for host resistance to sorghum root and 
stalk rot complex. 
Resistance-screening technique 
The procedure followed by most investigators to 
screen for charcoal rot resistance is essentially 
that reported by Edmunds et al. (1964). Sorghum 
is grown under irrigation in an environment fa-
voring charcoal rot development. Drought stress 
is induced by withdrawing irrigation at selected 
stages of plant growth, and the stalks are inocu-
lated by inserting mycelium- and sclerotia-infes-
ted toothpicks into holes punctured into the 
stalk just above the first node. Lodging, soft 
stalks, and distance the fungus travels upstem 
from the point of inoculation are measured to 
assess reaction of genotypes to the disease. 
Toothpick inoculation and other methods 
where inoculum is introduced into the plant 
through the stalk are unsatisfactory, primarily 
because natural infection begins in the roots and 
only later goes up to the stem. The level of dis-
ease development wi th toothpick inoculation is 
usually less than that occurring naturally; thus 
stalk inoculation is thought unsatisfactory for 
meaningful resistance assessment (Edmunds et 
al. 1964). 
At ICRISAT Center we have successfully in-
duced, without artificial inoculation, charcoal 
rot in field-grown susceptible sorghums. One 
method is to sow the crop just before the end of 
the rainy season so that it grows and matures 
under continuously receding soil moisture. This 
timing is similar to that of the postrainy season 
(rabi) crop in India; postrainy season sorghum 
suffers most from charcoal rot. A second method 
is to grow the crop, under irrigation, during the 
dry season and to withdraw irrigation at 50% 
flowering. In either method, charcoal incidence 
and severity varies according to location—prob-
ably due to soil type, level of drought stress, and 
the pathogen inoculum potential in the soil. 
Nevertheless, disease development in suscept-
ible genotypes is sufficiently high for useful 
evaluation of test genotypes, but a reliable, effi-
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Figure 2. Periodical lodging (%) in three nitrogen levels (N1 = 20, N2 = 60, and N3 = 120 kg N 
ha
1
) , three plant densities (D1 = 66 675, D2 = 133 350 and D3 = 266 700 plants ha
1
) and nine 
drought stress levels [1-9, 1(S1) = nearest to LS and 9(S9) farthest from LS] created by LS at 
ICRISAT Center, Patancheru, during the 1981/82 postrainy season. 
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dent, and epidemiologically sound resistance-
screening technique for charcoal rot is yet to be 
developed. 
Plant characters associated with resistance 
The plant character most promising to be pos-
itively correlated wi th charcoal rot resistance is 
nonsenescence, increasingly being used as a se-
lection criterion. Rosenow (1980) reported sig-
nificant correlations between nonsenescence, 
lodging resistance, and charcoal rot resistance in 
Texas, USA. Similar results were obtained by 
Mughogho and Pande (1984) at ICRISAT, India. 
However, they could not find a consistent and 
stable nonsenescent line among the genotypes 
tested. Recently we have tested a set of 47 lines 
(reported nonsenescent in trials in Australia, In-
dia, and Mali) at four locations in India (Pa-
tancheru, Dharwad, Nandyal, and Bijapur). 
Four lines from Australia (Q 101, Q 102, Q 103, 
and Q 104) retained 9-63% green leaf area and 
were free from root and stalk rot (Tables 3, 4). 
Stability of nonsenescence would most probably 
depend on the level of drought stress. Up to a 
Table 3. Time to 50% flowering, green leaf area, plot yield, and 1000-grain mass of four sorghum 
genotypes (rated as nonsenescents) at four locations in India, postrainy seasons 1985/86 and 
1986/87. 
Time to 50% Green leaf area Plot yield 1000-grain 
G e n o -
t y p e Location 
flowering (days) 
1985/86 1986/87 
(%) [kg(3m
2
)
-1
] mass(g) 
1985/86 1986/87 1985/86 1986/87 1985/86 1986/87 
Q101 Patancheru 69 59 17.5 45.5 1.4 2.3 26 28 
Dharwad 58 51 14.3 50.0 1.2 1.6 24 29 
Nandyal 54 59 40.8 30.0 0.7 1.5 17 22 
Bijapur 65 .1 10.7 - 0.6 - 19 -
Q102 Patancheru 61 53 14.1 34.8 0.8 1.5 22 20 
Dharwad 56 51 14.3 29.2 1.1 1.7 21 25 
Nandyal 57 59 50.0 28.2 0.9 1.1 21 18 
Bijapur 63 - 8.7 - 0.7 - 18 -
Q104 Patancheru 67 60 25.0 37.5 1.2 2.0 21 20 
Dharwad 59 55 17.9 38.9 1.3 1.7 20 22 
Nandyal 61 69 52.3 13.3 0.7 1.3 15 15 
Bijapur 65 - 9.9 - 0.6 - 20 -
Q104 Patancheru 61 52 54.2 54.9 0.8 2.5 35 27 
Dharwad 57 52 32.2 63.3 0.9 2.2 35 36 
Nandyal
2 
58 57 63.3 15.0 1.1 1.2 213 19 
Bijapur 57 - 19.6 - 0.5 - 32.5 -
Control Patancheru 62 51 0 0 1.4 3.9 23 27 
(CSH 6) Dharwad 53 46 4 6.3 1.7 2.0 27 22 
Nandyal 52 56 0 0 0.8 1.4 16 18 
Bijapur 63 - 0.2 - 0.9 - 17 -
SE Patancheru ±2.1 ±0.96 ±4.2 ±0.3 ±1.63 ±1.3 ±1.3 ±1.4 
Dharwad ±1.5 ±0.61 ±5.2 ±4.53 ±0.2 ±0.17 ±1.5 ±0.8 
Nandyal ±2.4 ±1.31 ±5.9 ±3.40 ±0.1 ±0.18 ±1.2 ±0.14 
Bijapur ±0.3 - ±2.4 - - - ±1.3 -
1. Poor emergence, exper iment abandoned. 
2 . At Nandya l , Q 1 0 4 was harvested 5 weeks after physiological ma tu r i t y in 1986/87. 
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Table 4. Lodging, soft stalk, nodes crossed, and root infection scores of four sorghum genotypes (rated as 
nonsenescents) grown at four locations in India, postrainy seasons 1985/86 and 1986/87. 
No. of nodes 
Geno-
Location 
Lodging (%) 
1985/86 1986/87 
Soft stalk (%) 
1985/86 1986/87 
crossed Root infection score 
type 1985/86 1986/87 1985/86 1986/87 
Q101 Patancheru 0 0 " 0 0 0 0 3.6 2.9 
Dharwad 0 0 0 0 0 0 3.0 2.1 
Nandyal 0 0 63 1.5 0.3 0.05 4.3 3.75 
Bijapur 0 -
1 
0 - 0 - 2.0 -
Q102 Patancheru 0 0 0 0 0 0 3.3 1.8 
Dharwad 0 0 0 0 0 0 2.4 2.0 
Nandyal 2.5 0 3.8 1.5 0.2 0.05 4.3 2.95 
Bijapur 0 - 0 - 0 - 1.8 -
Q103 Patancheru 0 0 0 0 0 0 3.1 2.3 
Dharwad 0 0 0 0 0 0 2.4 2.0 
Nandyal 0 2.5 0 935 0 0.25 3.7 3.35 
Bijapur 0 - 0 - 0 - 2.3 -
Q104 Patancheru 0 0 0 0 0 0 2.72 2.3 
Dharwad 0 0 0 0 0 0 2.5 2.0 
Nandyal 1.8 6.85 1.3 60.72 0.1 2.9 4.7 4.5 
Bijapur 0 - 0 - 0 0 1.3 -
Control Patancheru 71 100 71 100 2.7 4.6 5.0 4.6 
(CSH 6) Dharwad 73 100 73 100 3.1 5.0 4.9 5.0 
Nandyal 100 100 100 100 5.1 5.7 5.0 5.0 
Bijapur 100 - 0 - 0 - 5.0 -
SE Patancheru ±75 ±6.92 ±7.4 ±3.42 ±0.3 ±2.06 ±0.4 ±0.41 
Dharwad ±10.8 ±5.59 ±11.4 ±7.47 ±0.7 ±0.20 ±0.4 ±0.33 
Nandyal ±4.9 ±9.56 ±5.6 ±8.63 ±0.4 ±0.29 ±0.3 ±5.14 
Bijapur ±4.3 - ±5.4 - ±0.3 - ±0.4 -
1. Poor emergence, exper iment abandoned. 
2. At N a n d y a l , Q 1 0 4 was harvested 5 weeks after physiological matur i t y in 1986/87. 
specific stress level, a genotype would show sta-
bil i ty in nonsenescence at several locations, but 
beyond that it may no t Further research is 
needed to explain this. 
Resistance sources 
Hoffmaster and Tullis (1944), in a most compre-
hensive testing program, screened 232 sorghum 
lines of diverse genetic background for 4 years 
at four locations. Although they found differ-
ences in stability to charcoal rot resistance in 
these lines, data showed no stability in perfor-
mance of the lines from season to season. They 
concluded, " i t is impossible, from the data avail-
able, to recommend certain varieties for lo-
calities in which macrophomina dry rot is a l im-
it ing factor.'' 
In ICRISAT's charcoal rot research project we 
have also found inconsistencies in reaction to the 
disease by a large number of germplasm lines. 
This lack of stability is due to different levels of 
predisposition to the disease. However one line, 
E 36-1, has consistently shown resistance to 
lodging at several locations in 3 to 5 years of 
testing. Fungal isolations from roots and stalks 
showed presence of charcoal rot, but the infec-
tion was not severe enough to cause lodging 
(ICRISAT 1983). Rosenow (1980) identified 13 
nonsenescent lines as good sources of resistance 
to charcoal rot. The stability of these lines in 
other countries where charcoal rot is a problem 
needs further evaluation. The need for stable 
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and better sources of resistance is obvious. Most 
of ICRISAT's sorghum germplasm collection 
(more than 20 000 lines) has not been screened, 
and it is conceivable that these (especially 
among lines from drought-prone areas) include 
lines resistant to charcoal rot. However, the pr i -
ority should be to develop a reliable screening 
technique that can be used to distinguish resis-
tance from susceptible lines under graded levels 
of drought stress. 
Fusarium Root and Stalk Rot 
Fusarium root and stalk rot caused by the 
fungus Fusarium moniliforme has become an in-
creasingly common stalk rot disease of sorghum 
in many areas of western Africa (Saccas 1954; 
Tarr 1962; Zummo 1980). In USA, the disease is 
generally found in the areas where charcoal rot 
occurs, particularly on the High Plains from 
Texas to Kansas (Edmunds and Zummo 1975). 
Fusarium moniliforme incites seed rots, seedling 
blights, and root and stalk rots of numerous 
crops, including maize, rice, millet, sudangrass, 
sugarcane, and sorghum (Bolle 1927,1928; Dick-
son 1956; Bourne 1961; Sheldon 1904; Ullstrup 
1936; and Voorhies 1933). F. moniliforme affects 
sorghum plants at all growth stages. It causes 
diseases such as pokkah boeng. 
Etiology and symptoms 
The fungus persists on plant residues that re-
main in the soil or rest on its surface. Mycelia, 
conidia, and (in its perfect state, Gibberella 
fujikuroi), ascospores may be produced on or in 
plants or the soil at any time during the growing 
season, and secondary infections of host tissue 
may occur when environmental conditions fa-
vor disease development. 
Infection starts in the roots, typically in-
volving the cortical and then the vascular tis-
sues. Newly formed roots may exhibit distinct 
lesions. Older roots are often destroyed, leaving 
little plant anchorage. If root rot is extensive, the 
sorghum plants are often easily uprooted. 
Fusarium stalk rot is usually accompanied by 
root damage. Under irrigation and heavy nitro-
gen ferti l ization/root damage may not change 
above-ground appearances before the stalk be-
gins to rot. Stalk rot may reduce seed f i l l ; grain 
weight losses may be as high as 60%. Fusarium 
stalk rot apparently requites some predisposing 
conditions for disease development as plants 
approach maturity, and is usually most damag-
ing during cool wet weather following hot, dry 
weather. 
Trimboli and Bulges (1983), in greenhouse tr i -
als, reproduced basal stalk rot and root rot on 
grain sorghum plants growing in Fusarium moni-
liforme-iniected soil at optimal soil moisture, 
then at flowering subjected the plants to a grad-
ual development of severe drought stress bet-
ween the flowering and the middough stages, 
followed by rewetting. Stalk rot did not develop, 
nor was root rot severe, in plants grown to matu-
rity at optimal soil moisture, although many of 
these plants were infected by F. moniliforme. 
Stalk and root rot developed in the majority of 
stressed plants grown in soil initially nonin-
fested but contaminated by F. moniliforme after 
sowing. 
Fusarium stalk rot can usually be distin-
guished from charcoal rot by the less-pro-
nounced pigmentation and disintegration of 
pith tissues and the slower rate of tissue damage 
by fusarium. Charcoal rot may destroy a field of 
sorghum in 2 or 3 days; Fusarium stalk rot may 
take 2 or 3 weeks. The appearance of sclerotia in 
the later stages of charcoal rot is confirmation of 
its identity. 
Acremonium Wi l t 
Acremonium wilt , caused by Acremonium stria-
tum W. Gams (Syn. Cephalosporium acremonium 
Gord. Gams), has recently appeared in many 
sorghum-growing regions. A. strictum has a 
worldwide distribution in soil and the atmo-
sphere (Domsch et al. 1980), but as an incitant of 
disease in sorghum, it has been reported from 
Argentina (Forbes and Crespo 1982), the Hon-
duras (Wall et al. 1985), and USA (Frederiksen et 
al. 1980). A Ceplialosporium sp reported as the 
cause of sorghum wi l t in Egypt (El-Shafey et al. 
1979) was probably A. strictum, and the disease 
probably occurs in additional sorghum-growing 
countries (Frederiksen 1984). Recently the dis-
ease was reported in India (Bandyopadhyay et 
al. 1987). Similar disease symptoms on a few iso-
lated sorghum plants were observed in the Af r i -
can countries of Lesotho, Zimbabwe, Malawi, 
Tanzania, Burkina Faso, Mali, and Zambia (UK. 
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Mughogho, R. Bandyopadhyay, and S. Pande, 
personal observations), but does not appear to 
be a serious disease on varieties currently grown 
by farmers. In the Honduras, however, the dis-
ease is important on local landraces (Wall et al. 
1985). In maize, A striatum (= Cephalosporium 
acremonium Corda) causes wi l t ing of mature 
plants, infects seedlings (Christensen and 
Wilcoxson 1966), and internally colonizes grain 
(Hesseltine and Bothast 1977). 
Symptoms 
Symptoms of acremonium wi l t include foliar 
desiccation and vascular discoloration of the lat-
eral leaf veins. Initially only a portion of a leaf is 
affected, but as the disease progresses, large 
areas of wilted tissue develop on one axis of the 
leaf on either side of its midrib. Vascular plug-
ging continues through the leaf sheath and into 
the vascular bundles of the stalk. In severely af-
fected susceptible plants, the upper leaves, and 
the shoot die. Vascular browning in the stalk 
associated wi th foliar wi l t ing is the most distin-
guishing symptom of the disease. 
Etiology 
Natural infection probably begins in the leaf 
blades or leaf sheath and spreads through the 
vascular system. Infection and colonization 
through roots appear to be the exception (Fre-
deriksen 1984). However, reports from Egypt 
suggest that the pathogen is soilborne and colo-
nizes the roots prior to invading vascular tissue 
(El-Shafey and Refaat 1978). Frederiksen et al. 
(1981) reproduced disease symptoms experi-
mentally through root dippings, soil amending, 
and hypodermic infections of conidia of A. stric-
tum in sorghum whorls. Sorghum cultivars wi th 
field resistance (Redlan, Mart in, and Wheatland) 
developed severe wi l t ing when inoculated by 
these techniques. According to Salama (1979), 
wi l t ing occurs commonly in regions of Egypt, 
similarly Frederiksen (1984) observed foliar in-
fections in the farmer's field in the Nile delta 
near Numberia, Egypt. These authors hold the 
view that acremonium wi l t is not a stalk rot, 
because A. strictum acts like a true vascular para-
site. However, stalk-rotting fungi often develop 
in wilted plants; in this respect A. strictum acts as 
a predisposing agent. 
Greenhouse studies of several inoculation 
methods for the establishment of infection and 
the disease's systemic colonization of the host 
plants and transmission through seed were re-
ported by Bandyopadhyay et al. (1987). In pots 
containing the susceptible cultivar IS 18442, 
the soil was drenched on the 10th day post-
emergence wi th a conidial suspension of A. stric-
tum; more than 70% of the plants became 
diseased. Disease symptoms in the greenhouse 
were similar to those in the field, and suggested 
that root injury was not essential for entry of 
A. strictum. In these experiments, it was possible 
to isolate A. strictum from any part of the infec-
ted plants, from roots to grains, confirming sys-
temic colonization of the host. Infected seeds 
produced diseased plants when sown in auto-
claved soil, but the actual potential of seed trans-
mission under field conditions remains to be 
studied. 
Host resistance 
Most sorghum varieties appear to be resistant to 
acremonium wil t , or the pathogen develops so 
slowly that it does not cause serious losses. 
However, tropically adapted sorghums derived 
from IS 12610 are super susceptible to acre-
monium wilt. Elite inbreds such as ATx 623 and 
ATx 625 and many hybrids produced wi th these 
inbreds are unusually susceptible in the Hon-
duras (Frederiksen 1984). 
Research Recommendations 
1. Crop losses. Quantitative crop-loss data of 
root and stalk rot diseases on sorghum in 
farmers' fields are limited or nonexistent It is 
recommended that systematic crop-loss sur-
veys be conducted in farmers' fields in areas 
where these diseases are economically impor-
tant 
2. Pathogenesis. Knowledge of host-pathogen 
environment interactions is scanty. There is 
need to investigate pathogenesis, w i th em-
phasis on temperature, moisture, and nutr i-
tional stress as predisposing factors in char-
coal rot, fusarium root and stalk r o t and acre-
monium wi l t diseases of sorghum. 
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3. Associated pathogens. Interactions among 
the different pathogens involved in charcoal 
rot, different Fusarium species in fusarium 
root and stalk rot complex, and relations be-
tween Acremonium strictum and stalk rotting 
and lodging needs detailed study. 
4. Reliable field screening. Development of a 
reliable field-screening technique for these 
diseases is essential for success in breeding 
for resistance. 
5. Plant-character and disease-resistance rela-
tionships. Determine physical and physi-
ological plant characteristics associated wi th 
resistance to the pathogen and to lodging. 
Study the physiological basis of nonsenes-
cence, its stability under different environ-
mental conditions, and its relationship to 
charcoal rot and fusarium root and stalk rot 
resistance. 
References 
Ahmed, N., and Ahmed, Q.A. 1969. Physiologi-
cal specialization in Macrophomina phaseoli 
(Maubi) Ashby causing root rot of jute, Cor-
chorus species. Mycopathologia et Mycologia 
Applicata 39:129-138. 
Anahosur, K.H. 1979. Bacterial stalk rot of sor-
ghum in regional research, Dharwar. Sorghum 
Newsletter 22:121. 
Anahosur, K.H., and Patil, S.H. 1983. Assess-
ment of losses in sorghum seed weight due to 
charcoal rot. Indian Phytopathology 36:85-88. 
Ayers, P.G. 1978. Water relations of diseased 
plants. Pages 1-60 in Water deficits and plant 
growth (Kozlowski, T.T., ed.). New York, USA: 
Academic Press. 323 pp. 
Avadhani, K.K., Patil, S.S., Mallanagoude, B., 
and Parvaticar, S.R. 1979. Nitrogen fertilization 
and its influence on charcoal rot. Sorghum 
Newsletter 22:119-120. 
Bandyopadhyay, R., Mughogho, L.K., and Sa-
tyanarayana, M.V. 1987. Systemic infection of 
soighum by Acremonium satrictum and its trans-
mission through seed. Plant Disease 71:647-650. 
Bolle, P.C. 1927. Eenonderzoek near de oorzaak 
van pokkah boeng en toprot (An investigation 
into the cause of pokkah boeng and toprot). Ar-
chief Sulkerindustrie Nederlands-Indie I I I , 35: 
589-609. 
Bolle, P.C. 1928. Verdere onderzoek ingen over 
pokkah boeng en toprot (Further investigations 
in pokkah boeng and toprot). Archief Sulkerin-
dustrie Nederlands-Indie I., 36:116-129. 
Bourne, B.A. 1961. Fusarium soft or stem ro t 
Pages 182-202 in Sugarcane Diseases of the 
World (Vol. 1). (Martin, J.P., Abbor, E.U., and 
Hughes, CG. , eds.). New York, NY, USA: 
Elsevier Publishing Company. 
Chamberlin, R.J. 1978. The physiology of lodg-
ing of grain sorghum (Sorghum bicolor L. 
Moench). Ph.D. thesis, University of Queens-
land, Australia. 
Christensen, J.J., and Wilcoxson, R.D. 1966. 
Stalk rot of corn. Monograph, No. 3. St. Paul 
M N , USA: American Phytopathological Society. 
59pp. 
Dhingra, O.D., and Sinclair, J.B. 1973. Location 
of Macrophomina phaseoli on soybean plants re-
lated to culture characteristics and virulence. 
Phytopathology 63:934-936. 
Dhingra, O.D., and Sinclair, J.B. 1977. An anno-
tated bibliography of Macrophomina phaseolina 
1905-1975. Vicosa, Brazil: Imprensia Univer-
sitaria, Universidade Federal de Vicosa. 244 pp. 
Dickson, J.G. 1956. Diseases of field crops. New 
York, NY, USA: McGraw Hi l l Book Co. 517 pp. 
Dodd, J.L. 1977. A photosynthetic stress-trans-
location balance concept of corn stalk rot. Pages 
122-130 in Proceedings, 32 Annual Corn and 
Sorghum Research Conference (Loden, H.D., 
and Wilkinson, D., eds.). Washington, DC, USA: 
American Seed Trade Association. 
Dodd, J.L. 1980. The photosynthetic stress-
translocation balance concept of sorghum stalk 
rots. Pages 300-305 in Sorghum diseases, a 
world review: proceedings of the International 
Workshop on Sorghum Diseases, 11-15 Dec 
1978, ICRISAT, Hyderabad, India. Patancheru, 
231 
Andhra Pradesh 502 324, India: International 
Crops Research Institute for the Semi-Arid 
Tropics. 
Domsch, K.H., Gams, W., and Anderson, T.H. 
1980. Compendium of soil fungi (2 volumes) 
London, UK: Academic Press. 859 and 405 pp. 
Doupnik, B., and Boosalis, M.G. 1975. Eco-
fallow reduced stalk rot in grain sorghum. 
Phytopathology 65:1021-1022. 
Edmunds, L.K. 1964. Combined relation of plant 
maturity, temperature, and soil moisture to char-
coal stalk rot development in grain sorghum. 
Phytopathology 54514-517. 
Edmunds, L.K., Voight, R.L., and Carasso, EM. 
1964. Use of Arizona climate to induce charcoal 
rot in grain sorghum. Plant Disease Reporter 
48:300-302. 
Edmunds, L.K., and Zummo, N. 1975. Sorghum 
diseases in the United States and their control. 
United States. Department of Agriculture Hand-
book No, 469. Washington, DC, USA: US Gov-
ernment Printing Office. 47 pp. 
El-Shafey, H.A., and Refaat, M.M. 1978. Studies 
on the stalk rot diseases of grain sorghum in 
Egypt. Agricultural Research Review 56:71-79. 
(Ministry of Agriculture, Cairo, Egypt) 
El-Shafey, H.A., Abid-El-Rahim, M.F., and Re* 
faat, M.M. 1979. A new Cephalosporium wi l t of 
grain sorghum in Egypt. Pages 514-532 in Pro-
ceedings, Third Egyptian Phytopathological 
Congress. 
Forbes, G.A. and Crespo, L.B. 1982. Marchita-
miento en sorgo causado por Acremonium stria-
tum Gams. Information Tecnica 89, Argentina: 
Estacion Experimental Agripecuaria Manfredi, 
INTA. 
Frederiksen, R.A. 1984. Acremonium wil t . 
Pages 49-51 in Sorghum root and stalk rots, a 
critical review: proceedings of the Consultative 
Group Discussion on Research Needs and Strat-
egies for Control of Soighum Root and Stalk Rot 
Diseases, 27 Nov-2 Dec 1983, Bellagio, Italy. Pa-
tancheru, A.P. 502 324, India: International 
Crops Research Institute for the Semi-Arid 
Tropics. 
Frederiksen, R.A., Natural, M., Rosenow, D.T., 
Morton, J.B., and Odvody, G.N. 1980. Acre-
monium wi l t of sorghum. Sorghum Newsletter 
23:134. 
Frederiksen, R.A., Rosenow, D.T., and Natural, 
M. 1981. Acremonium wi l t of sorghum, Pages 
77-79 in Proceedings, 12th Biennial Grain Sor-
ghum Research and Utilization Conference. Ab-
ernathy, TX, USA: Grain Sorghum Producers' 
Association. 
Frezzi, M., and Teyssandier, E.E. 1980. Sum-
mary and historical review of sorghum diseases 
in Argentina. Pages 11-15 in Sorghum diseases, a 
world review: proceedings of the International 
Workshop on Sorghum Diseases, 11-15 Dec 
1978, ICRISAT, Hyberabad, India. Patancheru, 
Andhra Pradesh 502 324, India: International 
Crops Research Institute for the Semi-Arid 
Tropics. 469 pp. 
Harris, E. 1962. Diseases of guinea corn. Samaru 
Technical Notes 21-13. 
Henzell, R.G., Dodman, R.L., Done, A.A., 
Brengman, R.L., and Mayers, O.E. 1984. Lodg-
ing, stalk rot, and root rot in sorghum in Austra-
lia. Pages 225-236 in Sorghum root and stalk 
rots, a critical review: proceedings of the Con-
sultative Group Discussion on Research Needs 
and Strategies for Control of Sorghum Root and 
Stalk Rot Diseases, 27 Nov-2 Dec 1983, Bellagio, 
Italy. Patancheru, Andhra Pradesh 502 324, In-
dia: International Crops Research Institute for 
the Semi-Arid Tropics. 
Henzell, R.G., and Gillieron, W. 1973. Effect of 
partial and complete panicle removal on the rate 
of death of some Sorghum bicolor genotypes un-
der moisture stress. Queensland Journal of Agr i -
cultural and Animal Sciences 30:291-299. 
Hesseltine, C.W., and Bothast, R.J. 1977. Mold 
development in ears of corn from tasseUing to 
harvest Mycologia 69:328-340. 
Hilderbrand, A. A., Miller, J.J., and Koch, L.W. 
1945. Some studies on Macrophcmina phaseoli 
232 
(Maubi) Ashby in Ontario. Scientific Agriculture 
25:690-706. 
Hoffmaster, D.E., and Tullis, E.C. 1944. Suscep-
tibility of sorghum varieties to Macrophomina 
dry rot (charcoal rot). Plant Disease Reporter 
28:1175-1184. 
Holliday, P., and Punithalingam, E. 1970. Macro-
phomina phaseolina. CMI Descriptions of patho-
genic fungi and bacteria, No. 275. Kew, Surrey, 
UK: Commonwealth Mycological Institute. 
ICRISAT. 1980. Sorghum diseases, a world re-
view, proceedings of the International Workshop 
on Sorghum Diseases, 11-15 Dec 1978, ICRISAT, 
Hyberabad, India. Patancheru, Andhra Pradesh 
502 324, India: International Crops Research Insti-
tute for the Semi-Arid Tropics. 478 pp. 
ICRISAT (International Crops Research Insti-
tute for the Semi-Arid Tropics). 1983. Annual Re-
port. 1982. Patancheru, Andhra Pradesh 502 324, 
India: ICRISAT. 
Karganilla, A.D., and Exconde- O.R. 1972. Bac-
terial stalk rot of corn and sorghum. Philippine 
Phytopathologie 8-4 (abstract). 
King, S.B. 1973. Plant pathology annual report 
(sorghum): Major Cereals in Africa Project. Sa-
mara Nigeria: Institute of Agricultural Research. 
Khune, N.N. Shiwankar. S.K., and Wangikar, 
P.D. 1980. Effect of mixed cropping on the inci-
dence of charcoal rot of sorghum. Food Farming 
and Agriculture 12:292-293. 
Leukel, R.W., Martin, J.H., and Lefebvre. GL. 
1951. Sorghum diseases and their control. 
Farmers' Bulletin No. 1959. Washington, D.C., 
USA: U.S. Department of Agriculture. 50 pp. 
Maunder, A.B. 1984. Breeding for stalk rot resis-
tance as a component of acceptable agronomic 
performance. Pages 219-224 in Sorghum root 
and stalk rots, a critical review: proceedings of 
the Consultative Group Discussion on Research 
Needs and Strategies for Control of Sorghum 
Root and Stalk Rot Diseases, 27 Nov-2 Dec 1983, 
Bellagio, Italy. Patancheru, A.R 502 324, India: 
International Crops Research Institute for the 
Semi-Arid Tropics. 
Mayers, P.E. 1976. The first recording of milo 
disease and Periconia circinata on sorghums in 
Australia, Australian Plant Pathology Society 
Newsletter 5:59-60. 
Mote, U.N., and Ramshe, D.G. 1980. Nitrogen 
application increases the incidence of charcoal 
rot in rabi sorghum cultivars. Sorghum Newslet-
ter 23:129. 
Mughogho, L.K. 1982. Strategies for sorghum 
disease control. Pages 273-282 in Sorghum in the 
Eighties: proceedings of the International Sym-
posium of Sorghum, 2-7 Nov 1981, ICRISAT 
Center, India. Pantancheru, A.P. 502 324, India: 
International Crops Research Institute for the 
Semi-Arid Tropics. 
Mughogho, L.K., and Pande, S. 1984. Charcoal 
rot of sorghum. Pages 11-24 in Sorghum root 
and stalk rots, a critical review: proceedings of 
the Consultative Group Discussion on Research 
Needs and Strategies for Control of Sorghum 
Root and Stalk Rot Diseases, 27 Nov-2 Dec 1983, 
Bellagio, Italy. Patancheru, A.P. 502 324, India: 
International Crops Research Institute for the 
Semi-Arid Tropics. 
Norton, D.C. 1953. Linear growth of Sclerotium 
bataticola through soil. Phytopathology 32:633-
636. 
Norton, D.C 1958. The association of Praty-
lenchus hexincisus w i th charcoal rot of sorghum. 
Phytopathology 48:355-358. 
Odvody, G.N., and Dunkle, L.D. 1979. Charcoal 
stalk rot of sorghum: effect of environment in 
host-parasite relations. Phytopathology 69:250-
254. 
Partridge, J.E., Reed, J.E., Jensen, S.G. and 
Sidhu, G.S. 1984. Spatial and temporal suc-
cession of fungual species in sorghum stalks 
as affected by environment. Pages 59-78 in 
Sorghum root and stalk rots, a critical review: 
proceedings of the Consultative Group Dis-
cussion on Research Needs and Strategies for 
Control of Sorghum Root and Stalk Rot Dis-
eases, 27 Nov-2 Dec 1983, Bellagio, Italy. Pa-
tancheru, A.P. 502 324, India: International 
Crops Research Institute for the Semi-Arid 
Tropics. 
233 
Rosenow, D.T. 1980. Stalk rot resistance breed-
ing in Texas. Pages 306-314 in Sorghum diseases, 
a world review: proceedings of the International 
Workshop on Sorghum Diseases, 11-15 Dec 
1978, ICRISAT, Hyderabad, India. Patancheru, 
A.P. 502 324, India: International Crops Research 
Institute for the Semi-Arid Tropics. 
Rosenow, D.T. 1984. Breeding for resistance to 
root and stalk rots in Texas. Pages 209-218 in 
Sorghum root and stalk rots, a critical review: 
proceedings of the Consultative Group Discus-
sion on Research Needs and Strategies for Con-
trol of Sorghum Root and Stalk Rot Diseases, 27 
Nov-2 Dec 1983, Bellagio, Italy. Patancheru, A.P. 
502 324, India: International Crops Research In-
stitute for the Semi-Arid Tropics. 
Saccas, A .M. 1954, Les Champignons parasites 
des sorghos (Sorghum vulgare) et des penicill-
aries (Pennisetum typhoidum) en Afrique Equa-
torial Francaise, Agronomie Tropicale Nogent 
9:135-173, 263-301,647-686. 
Salama, l.S. 1979. Investigations of the major 
stalk, foliar, and grain diseases of sorghum (Sor-
ghum bicolor) including studies on the general 
nature of resistance. Fourth Annual Report, 
Field Crops Research Institute, United States 
Agricultural Research Program, PL 480, Project 
No. E6-ARS-29, Giza, Egypt. 
Schoeneweiss, D.E 1978. Water stress as a pre-
disposing factor in plant disease, Pages 61-99 in 
Vol. 5, Water deficits and plant growth (Ko-
zlowski, T.T., ed) New York, NY, USA: Academic 
Press. 323 pp. 
Sheldon, J.L. 1904. A corn mold (Fusarium mon-
ilifonne n. sp.). Nebraska Agricultural Experi-
ment Station Annual Report (1903) 17:23-32. 
Tarr, S.A.J. 1962. Diseases of sorghum, sudan-
grass and broom corn, Kew, Surrey, UK: Com-
monwealth Mycological Institute. 380 pp. 
Trimboli, D.S., and Burges, L.W. 1983, Repro-
duction of Fusarium moniliforme basal stalk rot 
and root rot of grain sorghum in the greenhouse. 
Plant Disease 67:891-894. 
Tullis, E.C. 1951. Fusarium moniliforme, the cause 
of a stalk rot of sorghum. Texas Phytopathology 
41:529-535. 
Ullstrup, A.J. 1936. The occurrence of Gibberela 
fujikuroi var. subglutinans in the United States. 
Phytopathology 26:685-693. 
Uppal, B.N., Kolhatkar, K.G., and Patel, M.K. 
1936. Blight and hollow-stem of sorghum. Indian 
Journal of Agricultural Science 6:1323-1334. 
Voorhies, R.K. 1933. Gibberella moniliforme on 
corn. Phytopathology 23:368-378. 
Wadsworth, D.E, and Sieglinger, J.B. 1950. Char-
coal rot of sorghum, Oklahoma Agricultural Ex-
periment Station Bulletin No. B-355. Stillwater, 
Oklahoma, USA: Oklahoma A & M College and 
U.S. Department of Agriculture. 7 pp. 
Wall, G.C., Meckenstock, D.H., Nolasco, R., 
and Frederiksen, R.A. 1985, Effect of Acre-
monium wilt on sorghum in Honduras. (Abstr.) 
Phytopathology 75:1341. 
Zummo, N. 1969. Bacterial soft rot, a new dis-
ease of sweet sorghum. Phytopathology 59:119 
(abstract). 
Zummo, N. 1980. Fusarium disease complex of 
sorghum in West Africa. Pages 297-299 in Sor-
ghum diseases, a world review: proceedings of 
the International Workshop on Sorghum Dis-
eases, 11-15 Dec 1978, ICRISAT, Hyderabad, In-
dia. Patancheru, A.P. 502 324, India: International 
Crops Research Institute for the Semi-Arid Tropics. 
234 
